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Abstract. Bird’s-foot trefoil (Lotus corniculatus L.) is a perennial species with lower seed 
germination ability because of the large share of hard seeds. To increase germinating ability, the trial 
was based on treating bird’s-foot trefoil seeds with ultrasounds (at different intensities and for 
different periods of time); they were then kept for a few days at -30oC. Treatment results show that the 
control variant (not treated) reached a germination level of 57.80%, while the variant treated with 
ultrasounds and thermally reached a germination level of 94.53% (i.e. 63.5% more). 
 




The germination capacity of perennial legume seeds (alfalfa, trefoil, bird’s-foot 
trefoil) is very much influenced by the share of hard seeds, which is a negative indicator for 
these species. Studies carried out in this field showed the possibility of increasing the 
germination capacity by applying physical treatments to the seeds with different external 
agents: ultrasound, extreme temperatures, radio or electric waves (at different levels and 
exposure rates) (Artola, Castaneda, 2005; Hagon, 1971; Lopes, Franke, 2011; McElgunn, 
1973; Mott et al., 1982; Winch et al., 1985). 
The paper presents results concerning the combined application of treatments with 
ultrasounds and exposure to low temperatures of the seeds on seed germination in bird’s-foot 
trefoil. 
MATERIALS AND METHODS 
 
After selection, bird’s-foot trefoil seeds were treated with ultrasounds in the next 
variants differentiated depending on the intensity of the ultrasound flow (between 0.11-2.72 
W/cm2) and duration and exposure (10-160 seconds): b1=witness, b2=1.74 W/cm2,10s; 
b3=1.74 W/cm2,20s; b4=1.74 W/cm2,40s; b5=1.74 W/cm2,60s; b6=1.74 W/cm2,80s; b7= 1.74 
W/cm2,160s; b8= 0.11 W/cm2,60s; b9= 0.44 W/cm2,60s; b10= 0.98 W/cm2,60s; b11=2.72 
W/cm2,60s. After this treatment, the seeds were introduced into a freezer, at -10oC, for 48 
hours. The experimental setting contained 3 replicas, and measuring germination capacity was 
done 31 days after putting the 100 seeds in the Petri vases. 
Results were analyzed and interpreted with the variance analysis test. 
 
RESULTS AND DISCUSSIONS 
 
Bird’s-foot trefoil is a perennial fodder legume in which seed germination rate is 
lower because of the larger share of hard seeds (Dragomir, 1981). Therefore, treatment with 
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different external agents aim at reducing the share of hard seeds and, indirectly at increasing 




Fig. 1 Impact of ultrasound treatments on germination capacity in bird’s-foot trefoil 
 
 
Results point out the differentiated action of ultrasounds depending on flow intensity 
or on the duration of exposure. Thus, the variation of one or other of the studied parameters 
correlates negatively with the seed germination capacity. Data presented in Figure 1 show that 
the largest share of germinated seeds (89.43%) was in the variant with the highest intensity of 
the ultrasound flow (1.74 W/cm2) with an exposure time of only 10 seconds. When reducing 
intensity to 0.11 W/cm2, for duration of 60 seconds, germination capacity is 81.28%. 
Increasing intensity (2.72 W/cm2) and duration of exposure (60 seconds) inhibit the process of 




Fig. 2 Impact of thermal treatments on germination capacity in bird’s-foot trefoil 
 
Exposure of bird’s-foot trefoil seeds to very low temperatures (-30oC, for 48 hours) 
had a negative impact on their germination. Thus, compared to the control variant, with a 
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germination of 71.78%, in the variant with exposure temperature of -30oC, germination 
decreased to 68.68%, i.e. 4.51%. This difference (3.10%) is not statistically ensured (Fig. 2). 
 
Tab. 1 
Impact of the interaction of ultrasound and thermal treatments  











(1.74; 10) (-30; 48) 94.53 163.5 *** 
(0.11; 60) (-30; 48) 84.34 145.9 *** 
(1.74; 10) (-; -) 84.33 145.9 *** 
(0.44; 60) (-; -) 80.94 140.0 ** 
(1.74; 20) (-; -) 80.93 140.0 ** 
(0.11; 60) (-; -) 78.22 135.3 ** 
(1.74; 80) (-; -) 77.53 134.1 ** 
(1.74; 60) (-; -) 74.81 129.4 * 
(1.74; 60) (-30; 48) 74.81 129.4 * 
(1.74; 20) (-30; 48) 74.81 129.4 * 
(0.44; 60) (-30; 48) 71.41 123.5 * 
(1.74; 160) (-; -) 71.40 123.5 * 
(0.98; 60) (-; -) 64.61 111.8  
(1.74; 40) (-30; 48) 64.60 111.8  
(1.74; 80) (-30; 48) 64.60 111.8  
(0.98; 60) (-30; 48) 63.93 109.2  
(1.74; 40) (-; -) 61.20 105.9  
(-; -) (-; -) 57.80 100 witness  
(2.72; 60) (-; -) 57.80 100  
(1.74; 160) (-30; 48) 57.13 98.8  
(-; -) (-30; 48) 54.40 94.1  
(2.72; 60) (-30; 48) 51.00 88.2  
DL 5% = 13.04 DL 1% = 17.73 DL 0,1% = 23.85 
 
Combined treatment –ultrasounds and low temperature– have a strong impact on 
bird’s-foot trefoil seed germination capacity. Analysis of data presented in Table 1 show that 
the largest share of germinated seeds (94.53%) was in both the variant treated with 
ultrasounds at an intensity of 1.74 W/cm2 for duration of 10 seconds, and with low 
temperatures (-30oC for 48 hours). In this variant, the increase was 63.5% higher, very 
significant statistically compared to the control variant.  
Increasing the intensity of the ultrasound flow (2.72 W/cm2) and exposure duration 
to 60 seconds in combination with decreasing temperature led to the most severe decrease of 
seed germination (51.00%) compared to the control variant (57.80%). Yet, this difference is 
not statistically ensured.  
If we took into account as a variable only exposure time in ultrasound treatment and 
in combination with low temperature treatment, the variants with progressive growth of 
ultrasound exposure time (from 20 to 160 seconds) there would also be significant decreases 









Ultrasound treatment with different intensities and exposure times in combination 
with low temperature treatment (-30oC for 48 hours), strongly influence the germination 
capacity of bird’s-foot trefoil seeds. 
The largest share of germinated seeds (94.53%), 63.5% larger than the control was in 
the variant treated with ultrasounds (at an intensity rate of 1.74 W/cm2 for 10 seconds), 
combined with exposure to low temperature variant. 
REFERENCES 
 
1. Artola, A. and Carillo Castaneda G. (2005). Accelerated again time estimation for birdsfoot 
trefoil. Seed Science and Technology, vol. 33, n. 2, 493-497. 
2. Hagon, M.W. (1971). The action of temperature fluctuations on hard seeds of subterranean 
clover. Australian Journal of Experimental Agriculture and Animal Husbandy, 11(51), 440-443. 
3. Lopes, R.R. and Franke L.B. (2011). Thermal-biological aspects on seed germination of 
hairy birdsfoot trefoil under different temperatures. R. Bras. Zootec., vol. 40. n. 10, 2091-2096. 
4. McElgunn J.D. (1973). Germination response of forage legumes to constant and alternating 
temperatures. Can. J. Plant Sci., 53, 797-800. 
5. Mott, J.J., Cook S.J. and Williams R.J. (1982). Influence of short duration, high temperature 
seed treatment on the germination of some tropical and temperate legumes. Tropical Grasslands, vol. 
16, no. 2, 50-55. 
6. Winch, J.E., Robinson S.E. and Ellis C.R. (1985). Birdsfoot trefoil seed production. 
Ministry of Agriculture and Food, Canada, order no. 85-111, Ontario. 
 
